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Abstract] Aim[] In order to observe the fine structure of phagocytotic hemocytes with an attention to make sure 
whether oenonytoids are also phagocytotic in the silkworm[] Bombyx mori. Methods| | Larvae of pnd pS strain of the 
silkworm were injected with fluorescent microbeads for this experiment. Stained with acridine orange and propidium 
iodidel] ће phagocytotic hemocytes were serially scanned for fine structure by the Radiance 2000 confocal scanning 
laser microscope] Віо-Каа and confocal fluorescent images were processed with the Lasersharp 2000 software. 
Results| | the observation showed that besides granulocytes and plasmatocytes[] some prohemocyted] stem hemocytes[ ] 
and оепосу!о1д | prophenoloxidase producer[] could also phagocytose fluorescent beads. Furthermore[] inside some 
oenocytoids there were lots of acridine orange green granules that were similar to granules in granulocytes. 
Spherulocytes were not observed to have phagocytosed any fluorescent beads[] but they had large acridine orange green 
granules. These granules were supposed to be apoptotic bodies which should be introduced by phagocytosis. 
Conclusion| | Besides granulocytes and plasmatocytes[] the circulating hemocytes oenocytoids are also phagocytotic in 


the silkworm. 
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1 INTRODUCTION 


In the silkworm] Bombyx топ there are five 


types of circulating hemocytes[] ^ prohemocytel | 
eranulocyte|] ^ spherulocyte[] ^ plasmatocytel[] and 
oenocytoid|] Nittono[] 19600 Akai and Sato[] 1973 
Beaulaton[] 19790 Wago[] 1991[| Yamashita and 
Iwabuchi[] 20010. Among ет] prohemocytes are stem 
cells] | 


encapsulation[ | 


hemocytes| | granulocytes are — phagocytotic 


plasmatocytes are in charge of 
oenocytoids can produce prophenoloxidase[] Nittono] | 
1960|] Akai and Sato[] 19730 Wagol] 1991[]. No 
found with 


spherulocytes. Recently[] a kind of fluorescent method 


specific function has ever been 


of hemocytes identification has been developed by using 
acridine orange] AO[] and propidium iodide] РЦ to 
stain circulating hemocyted] Ling et al .[| 20030. The 
different 
hemocytes make them to be easily identified at the light- 
level. In the 
spherulocytes|] there are а lot of AO-positive green 


fluorescent characteristics of circulating 


microscope granulocytes and 
granules. Granules of spherulocytes are almost at 
homogenous size and are larger than those of 
granulocytes. Granulocyte granules are at heterogenous 


sizes. These AO-positive granules are supposed to be 


ОООООООООООООО ОИ 20452771] 


apoptotic bodies[] Wyllie[] 19980 Foglieni et а. 
2001[]. No AO-positive green granules were found in 
the prohemocytes and plasmotcytes. Plasmacytes have 
pseudopods when sticking to the glass cover[] but 
prohemocytes have no pseudopods. Oenocytoids only 
can be stained by PI and they have red nuclei if 
observed under fluorescent microscope. 

In Manduca sexta| ] granulocytes and plasmatocytes 
are phagocytotic when there is foreign invasion such as 
beads. However[] only 
eranulocytes are found to phagocyte apoptotic dead cells 
in vivo in this type of normal larvae] Ling and Yul] 
20050. Many more types of circulating hemocytes such 


bacteria and fluorescent 


as granulocytes and plasmatocytes in the silkworm are 
phagocytotic|] especially some prohemocytes can also 
phagocytose tissue debri¢] Ling et al .[] 20051. But we 
don' t know weather oenocytoids and spherulocytes are 
also phagocytotic. According to the | AO- positive 
eranules in spherulocytes| ] this type of hemocytes might 
be able to phagocytose foreigners. In this study[] we 
used confocal scanning fluorescent microscope to 
observe the fine structure of phagocytotic hemocytes 
with an attention to make sure whether oenonytoids are 
also phagocytotic . 
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2 MATERIALS AND METHODS 


2.1 Experimental animals 

The pnd pS strain of the silkworm[ | Bombyx тог | 
was used for this experiment. Larvae were reared on an 
artificial diet and kept at 25°C under a 16L : 8D 
photocycle. Larval age was given in days described by 
Kiguchi and Aguil] 1981[] for larval molting stage and 
Kiguchi et а. (1 1985 1 for the fifth instar and 
metamorphic stages. Day O indicates the day when 
larval ecdysis occurs. Most of the fifth instar larvae 
begin to wander on day 5. 
242 Acridine orange and propidium iodide 
staining 

To maintain the physiological environment of 
hemocytes[] larval insect saline[] 130 mmol/L Мас 
5.0 mmol/L КОП and 1.0 mmol/L CaCLb[] pH 7.00 


was used to dissolve acridine orange and propidium 
iodide. To observe circulating hemocytes|] hemocytes 
were stained according to Ling et а! [|] 20030. To scan 
and image phagocytotic hemocytes[] the Radiance 2000 
confocal scanning laser microscope[] Bio-Rad[| was 
used. Confocal fluorescent images were processed with 
the Lasersharp 2000 software. Sometimes hemocytes 
were also viewed using a differential interference 
fluorescence microscopd] Nikon Eclipse E600 Systeml]. 
2.3 Phagocytosis of foreign matters 


For better 
function]] about 9 x 10° fluorescent microbeads 


understanding of the phagocytic 


[] FluoSpheres Polystyrene Microspheres for Tracer 


Studies[] 1.0 uml] Red] 580/605[] |] Molecular Probes[ | 
per gram larval body weight were injected into each 
larval] У-2[ with a microliter syringel] 25 pL] 
Hamilton|] in order to allot approximately five to ten 
fluorescent microbeads to each circulating hemocyte. 
After about 6 h[] when all free fluorescent microbeads 
had disappeared from the hemolymphl[] circulating 
hemocytes were observed by acridine orange and 
propidium iodide staining as described before. 


3 RESULTS AND DISCUSSION 


Following staining with AO and PIL] we found some 
circulating ргоһетосуіеѕ having phagocytosed 
fluorescent beads. The serially scanned prohemocytes 
clearly showed that the fluorescent microbeads were 
already introduced into the cell 
phagocytosis_] Fig. 1[]. This prohemocyte has a clear 
nucleus in which there is a green granule as shown by 
Ling et а!.[] 20030. In the silkworm hematopoietic 
organs] some isolated prohemocytes were able to 
phagocyte cell and tissue debrisL] by which to transform 
into the morphology of granulocytes[] Ling et al.[| 


20051. 


by means of 





Fig. 1 Morphology of a prohemocyte that had phagocytosed fluorescent beads 
This hemocyte was serially scanned under the Radiance 2000 confocal scanning laser microscope with a step of 2 um. Pictures were imaged with green 


П Al - Е and red] АЗ – ЕЗ filters. Pictures in the middld] A2 — F2[] were combined from both. Scale Ба] 20 pm. 


Granulocytes were phagocytotic as reported very 
early] Akai and Зато 1973. In the scanned images of 
eranulocytes| ] the fluorescent beads existed among green 
eranuled] Fig. 21]. However[] the phagocytosed beads 
by this than by 
plasmatocyted] Fig. 3[]. There was the same situation 
with M. ѕеха Ling and Yul] 2005. 


By examining lots of circulating hemocytes[] we 


type of hemocytes were less 


finally found some  oenocytoids that were really 
phagocytotic. We scanned the target oenocytoid in Fig. 
4 and found that a fluorescent bead had already been 


phagocytosed. In this oenocytoid[ | there were also many 
green granules stained by AO. Since AO-positive green 
granules were supposed to be apoptotic bodied] Wyllie[] 
19980] Foelieni et al .[] 2001| [] it was possible that this 
oenocytoid had already phagocytosed some dead cells 
before. The fine structure in Fig. 4 supported that some 
oenocytoids were actually phagocytotic . 

As to spherulocytes[] they had not been found to 
be phagocytotic. Here we presented serially scanned 
images of one spherulocyté] Fig. 50. The spherulocytes 
contained many homogenous green granules that were 
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AO-positive. Again we still wonder whether this type of 
hemocytes has the phagocytotic function because these 
green granules should be apoptotic bodies that can be 
stained by AO[] Муше 19980 Foglieni et а. 
20010. We did not find this type of hemocyte that 


could phagocytose any fluorescent bead. But the AO- 


positive granules suggest that they could be 


phagocytosed apoptotic bodied] Wyllie[] 19980] Foglieni 
et al .|] 20011]. 





Fig. 1 Morphology of phagocytotic granulocytes 
Pictured] A – Н were imaged as above with a step of 1 um and combined from pictures imaged with green and red filters. In this granulocyte[ ] the 
phagocytosed fluorescent beads existed among the heterogenous green granules. Scale Ба] 20 um. 





Fig. З Morphology of a plasmatocyte that had already phagocytosed а lot of fluorescent beads 
Hemocytes were imaged under the Nikon Eclipse E600 System. The right picturd] BL] was imaged using red filter|] and the left ond] АП was under light 


microscope. РІ plasmatocyte. Scale Ьа] 20 m. 





Fig. 4 Morphology of а phagocytotic oenocytoid 
These hemocytes were serially scanned under the Radiance 2000 confocal scanning laser microscope with a step of 2 ml] and picture$] А — СП were combined 
from those imaged with green and red filters. In this oenocytoid[ ] there was а PI-positive red nucleus that was the typical characteristics of oenocytoids. In the 
се! | there were a lot of green granules that were stained green by AO[] and there was also a phagocyted fluorescent bead. Scale Ба] 20 um. 
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Fig. 5 Morphology of a spherulocyte 


The hemocyte was serially scanned under the Radiance 2000 confocal scanning laser microscope with a step of 1 um by using green filtef] A-N[]. Scale bail] 


20 pm. 


In most швес! | granulocytes and/or plasmatocytes 
are phagocytotid] Lackie[] 1988 ] Маго[] 1991[] Lavine 
and Strand|] 2002[]. But in the silkworm[] besides 
granulocytes and plasmatocytes| ] some prohemocytes and 
oenocytoids are also able to phagocytose fluorescent 
beads. Prohemocytes are stem hemocytes апа 
oenocytoids| ] the place for prophenoloxidase production 
[] Миопо[] 1960] Akai and Satol] 1973[] Beaulatonl | 
19791 Wagol ] 1991] Yamashita and марис] 200110. 
We have no idea what factors there are that can incite 
these two types of hemocytes into phagocytosis. In 
future we want to make clear the mechanism because 
this novel phagocytosis could help insects to fight 
against foreigners into their bodies effectively . 
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